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MpewiokeH HOBHIH KJIACC AMHAMHYECKMX CHCTEM, COCTOSIMX M3 MHOTHX CHIBHO
B3aUMONEHCTBYKIMX KOMIOHeHT. OHM LOMYCKAlT TOYHOe CBeHeHue /Tuma "caMoco—
IacoBaHHOrO" nons/ K 6QJiee NPOCTHM, Pa3MEPHOCTB KOTOPHK HE 3a@BHCUT OT
YHCNA KCOMIOHEHT.

OTCYTCTBHE IIPEMIONOKSHHA O MAJIOCTH B3aMMONSHICTBHA CYWECTBEHHO OT/HMYa-
€T MpemwiaraeMslt NOOXoN OT H3BECTHEX U NMO3IBOMMET [OCTABHTE BOMPOC O MOmeru-
POBAHMKM CROMHHIX TIIOB KHHETHKH.

BBeneHue

PasBHTHE BEMUC/MTENBHOM TEXHWKHM BIOOXHYJO HOBYK XH3HB B CTapuie JPOGIIeMe!
MATEMATHYECKUIO €CTeCTBOSHAHKS. BOSHHKIIO HOBOE HanpamyieHne /MAaTeMATHYECKOe
MOZeyMpoBakMe/, VIOANOCh PEUMTH HEMAJIO MHTEPECHHK 33Ja4. BIONHE MOHATHOe
ymiiedermme npuserio k uoee / simulatin modelling /, YTO "pasmpotus" CIOKHYIO
CHCTEMY HA IEMSHTH MOKHO ITPOMONSIIMPOBATE JIOGVI0 CUTYALRtO. BEFICHWIOCH, Of—
HBKO, YTO NPHXQOHTCH BBOIMTH MHOTO MEPEMeHHHX, MEeXaHW3MEH B3aUMOINeHCTBHA
COOEPWAT MHOIO [T4pamMeTpoB, & TANTYHaKHMecs MOOSIIM KpaftHe HeYCTOMIMEH H 110
nepeMeHHEM. HacTymmBuwee pa3sovyapoBaHye BHPASHTENBHO XapaKTeplisyeTcs CloBed-
KoM "MPOKJIATHE Pa3MEPHOCTH", PACTIPOCTPAHMEIEMCS HECKOITBKO JIeT Hasam.

TapHoe B3ayMOOENCTBHE

PacaMOTDEM IHHAMHYECKYI0 CHCTEMY GOMHEro wucna N OIMHAKOBHX KOMIIOHEHT

N
dx;
T -
T =alx) +KZIB(3:£,IK)- /1/
MeXal¥3M NapHOTO B3ANMOUEMICTENA SAMACTCA BexTopHol dymamen §(x, y)
IBYX BEKTOPHHX apryMeHTOB xX. Ij oTa QYHKIMA OmHA M Ta Xe yIA JEGOoH
napel KOMIIOHEeHT xi ’ Ix .
CpaBHMM 3Ty CHCTeMy ¢ "3TASIOHHEM" ypaBHeHHeM

dx - a(x)+b(x,2)- /27



2.

"MPOKJITTHE PASMEPHOCTH" OOMYCKaeT TOYHY KQIHMYECTBEHHyo mepy. "lleHa" cuc-
revus pasia N, ecm mpumss sa emosny uesy”  stanomsoro ypassemt. C
moyrot cropors wieno N /ne N2, a mvemso N/ xapaxrepssyer mepy "ato-
MapHOCTH" /BNOMHOCTH/ UBYYAEMON CUIONHOM CHCTeMH. Turmmume 3uadenms N or-
POMHEL = YHCJIO aTrOB B 1 o rasa 1()16 , WHCNO 3Be3n B rajlakTHke 1011. k-
poK mManasoH N /0T coten mo MWUTHOHOB M MAWUIADHOB/ B GHQIOIMYECKMX CHCTE-
Max. OGIMM y BCEX DTHX Pas’HOOCPa3HEIX CHCTEM SBIFIETCH HEBOIMOMHOCIDL UMCTO
BEMMCIMTENIBHOIO TIOOXONA He TONMBKO Ha COBPeMEeHHEX SHM, HO H He OXHIAEMEIX B
TPEOBUIMOM  CyIyineM.
HeOGxXQmME aHAJMTHYECKHE HOSH.

BWIMHEHHHE CHCTEMH

OCHOBHAA MOA MpearaeMouro NOIXoNa Xopoud BHOHA Ha NMpHMEPe GHITMHENHHX
cvucTed. [pHMep 370T, K TOMy X, HMeeT CaMOCTOATESNBbHYI0 LIeHHOCTH.

Onpenenerve

Cucrema /1/ HaseBaeTcs SwmHedtok ecrm dyixapm A (X) u B(x,q)
JHMHENHE 110 CBOMM aplr'yMeHTaM.

IpoBepyM, YTO JUIA TaKii CHCTEM MONHO "CHATb 3aKJIATHE", 3alHcaB CHCTEMY
HHade.

Ha NepBoM LAre HCTINb3YEM JUHEAHOCTL TOMEKO dymiapm B (x, y) u
TOMBXO MO BTOpoMy "uyxoMy" aprymMeHTy.

Beonsa HOBoe /"KQimleKTrRHOR"/ nepemMeHHoe X s

N
X=) x, /37

Kzl
noyyaeMm ypasHeHue R L

dx,;
dt
Ve 5TO ypaskehue LAeT CYWSCTBEeHHOe MPONBINEHNE. U3 HEero BHOHO, UTD X4
pearupyeT TOIBKO Ha X USHKGM, a BOBCE He HA KAV KOMIOHeHTy X B
OTAJIBHOCTH, KaK 3TO KasajioCh IpH B3IVIAe Ha ypaBHeHue ,1/.
ClRIyam AT OKASHBAETCA PEUBUEM. UCTIONB3YA JMHedHooTs G ()
u S(I,g) mo "CBoeMy" ApryMeHTy M CKIAIHBaA BCe ypaBHEHHMA /4/ no-
nyuaem

—a(x;)+8(x;,X). /4/

%/ DTa meradopa CTAHOBHTCSH TOMHOM, €C/M B COOTBEICTEHM C KIACCHYECKHM
onpenenelreM /"KOIHMYECTBO OGUECTBEHHO HEOBXOmMMOro Tpyna'/ CUMTaTh
LIeHON BpeMeHHBE 3aTpaTH DBEM.



= al®) <X %- /5

OKAZBBACTCA, UTO 1T GIWHHEMHEX CHCTEM "kormiekTuBHOE" nepemenHoe X
VOORNETBOPAEST KaK pas ''9TanoHHMYy" YDARHEHHIO.
HWrak MH MOITYYWIM CHCTEMY

X . B(X.X
g4 = a(X) +8(X.X) e

AT () +b(xX) -
dt
Conepsanyio Ha OIOHO /BEKTOpHOEe/ ypaBHEHHE GONHIE, YeM HCXOIHAS CHCTEMH.
IounkHO 661 cTaTh uyTh xyke / N + 1 ypaBHenne, mMecro N /, HO daxTuMeckw
BBENEHHE CYMECTBEHHOTO MEPEMEHHOTO X  PamMKabHO YIPOWRET CUTYalpio. Hve-
0T 3SHaueHHe OBa BAGEN OOCTOATENBCTEA.

Bo-nepeeiX, ypaBHeHHe VI X  omemuce or cucTeM - OHO He 3aBuCHT
or x,.

BO-BTOpEX,KOMIIOHEHTH X ;  "paccenamce" - Kakogas U3 HHUX 3aBHCHT TONb—
KO OF "mMcnieTyepa" , @ He B3aMMOTIEHCTBYIOT KaKOAs C KAKOOH, KaK 9TO GLUD
B HCXOIHOH CHCTeMe.

MosICHMM CKasaHHoe rpadaMu cesselt wir cywas N=6

x X
Xe X, s X ¢ X
:5%% % X x
s X, X3 e 7]

“

N2 N 1"

Puc. 1. B mcxomEoit cucteme N2 msamvocpsseis.
B pacuervieHsEGH yie Tombko N Bospetictmmt X ma X

Joruyeckast cxeva / X | X/ COHEpN®IT TOMBKO QUHO
BOaOefiCTBME X  Ha &L,
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Crenyiupif! WA ~ HaHGOJIeEe BRXHEW BO BCEH DENYKIMM = INEPEXON K CHCTeME
TO/MBKO OBYX BEKTODHHX YPAaBHEHWM, DelyUMPOBaHHON CHCTeme

dX = a(X)+ B(X,X)

dt /77
4T = a(x) +b(x,X);
B KOTOPO# IIOVTHOCTBK HCYERSIO N . 97oT nepexon ocHoBan Ha TaM mpocToM, HO
CYmeCTBEHHOM, COOCPKEHWH, UTO BCE YPaBHEHWS W1 XL; B CHCTeMme /6/ umaHa-
KOBH. [NO3TCMYy OBIDKEHHE H30OPaXANmEH TOYKY CHCTeMH B IMpocTpaHcTtee / X 4
cee 0 &Iy / OI'POMHOM PA3MEPHOCTH, MOKHO 3aMEHMTEH IBIDKEHHEM "poccm” To—
yek / X, 4 -+ , Ay / B NPOCTPAHCTBE BCETO JIMb ONHOM KOMIIOHEHTH.
Npenerbidt nepexon N —~ OO0  mormyckaer, NOSTOMY, 3aMEYATESBHYI0O MHTEpP—
IpeTalpw ~ 3TO NEPeXON X PAacoMOTpeHMo (asoBOIO nopTpeTa cucrems /7/ B mpo—
CTPRHCTEE ¢ . Takas 3amada /miocTpoeHHe $asoBOTO NOpTPeTa B HMPOCTPAHCTBE
X HeBSOIBIDM PasMEPHOCTH M Yk BO BCHKOM Ciydae pasMEPHOCTH, He 3aBHCANeH
or N / snomse no cwiam ® COBPEMEHHOH INPUKIIQIHON MaTeMaTHke, OoodeTaluer
PasBUTHE BEMHCJHTESIbHEE AJIIOPHTME C QHATMTHYECKHMM METONaMM KadeCTBEHHOH
TEeOpHH .

MaKpOmHaAMHKa

MlepBoe ypaBHEHUe
dX _ .
a8 = a(X) + 8(X,X), /8 /

PenyUMPOBAHHOA CHCTEMHl €CTECTBEHHO HAasBaTdb ypaBHEHNEM MAKDOIMHAMUKH, HOO OHO
ONMUCHBAET NOBELEHHEe CHCTEME B LesIcM. . (JOBO "MakKpormHaMuKa" CO3HATENBHO NOXo—
M Ha oroBO "TepvomuHamexa'. Ho cpasy ke crienyeT OITMeTHTh M passmrmsa. Bo-
MEPBRX TepMOOMHAMHUKA OGBMHO CBf3aHa C aCHMITYOTHKOM CrIelMalibHOIO Kiacca ra-
MWILTOHOBHX CHCTEM M B 3TOM CMBKVIE 3HAUHTENBHO TOHBUE M TpymHee. Bo~BTOpeX,
BOIMPEK! HA3BaHWO, TEPMOOMHAMMKA H3ydaeT He AMHAMHMKY, a CTAlMOHApHHE COCTOsI-
HHUA DTHX CHCTEM. B-TPeTBHX OGEMHHI IOOXON TEPMOIMHAMMKH AKCHOMATHIECKHI M
CYmeCTBYeT OuYeHb HEMHOI'O JOKASAHHHX TEOpeM O CBOHCTBAX MPeHesIbHOIO nepexo—
na N — oo . Tem He MeHee, IVIABHOE CXONCTBO COCTOUT HMEHHO B TIOCTAHOBKe
BOMpOca 06 aCHMITTOTHYECKOM TIOBENEeHHH CHCTEM GOMbUDH pa3sMepHOCTH. C 9Tod Tou-
KA 3peHysa SWHHeNHEe CHCTEeMH! BeChMa ManesHel, W60 Ha HHUX MOKHO MPOBEePAThH JI0-
6t aCHUMITTOTHYECKHE MPEeMIOVIONSHHA. CymecTByeT 3HaUMTEbHO 6ariee MHMPOKHI

%/ "UenoBeKy ueJIOBEKOBO - 3BM 3B3aMOBO"
MaTeMaTHX COBEpURET NPENEesIbHED Nepexon, nowye wero 5BM '"nepeMarmmaeT
HpEPE" . 3TO ¥ eCTh TPAaBWIHHOE PA3OesieHHe TPYLA MEKIY HAYKON M TeXHUKOH.



KNACC CHCTEM, I KOTOREX NpenebHemt nepexon N - oo Taxke CBOIMTCA K
pacoMoTpeHiio $asoBOrO INopTpeTa, HO HX NMOCTPOSHHEe, a TeM 6arlee aHaIM3, BEXO-
IDMT 3a paMiKH JaHHOM CTAaTBH.
Bo3BpaafcCh K ypaBHEIMO0 MAKPOIMHAMMKM /8/ 3aMeTuM, YTO OHO COIEIMMT Kak
%
YacCTHHE CJyMaW ypaBHeHHe depxianbcTa-llepna,

%%—=QX+6X2 /97

CHUCTeMy ypaBHeHut BormbTeppa,

Jd - 1 o,
/10 /

a, X +6,XY
a2y+6zxy

{

ls:.
+lo<

)
<&

o
'-‘-

cucTremy

i

-GX +6VY

o
—~

l

X -V X2 1/

AL
2je
~l

Q.
S N]

2]

~0Z +XVY

o8
-~

cucTeMy JloTka,

-—i( X(J\+aX+a2 +a;Z)
4_? -9( X‘fo BZ) /12 /
%ltg Z(\) X +6,Y + ¢, Z) 5

a Taloke OpyrHe, MeHee M3BEeCTHHE CHCTEMB, U3 KOTORHX CNenyeT OCOBEHHO OTMe—
THTE CHCTEMH THOPOOMHAMAYECKOI'O THIIa [1} ' [2] MEaMO PUKMTaKe [3] . He~
CKOJIbKO 3aMeYaHit O 3THX ypaBHEHHAX. YpaBHeHie (epXVbCTa BOSHMKIO B Cepe~

%/ D70 ypaBHEHHE TIONCTAHOBKOM X = jaa MpeBpalaeTes B
YPaBHEHHE, KOTOpOe QUINKK HASLBAKT YpPaBHEHHEM
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IMHe NMpCulcro Beka, Kak OTBET Ha TparHyeCKHit BOpoc MakbTyca. 3HaMeHUTOe
petteHye 3TOTO YpPaBHEeHWd, NOYyMHHNEe HasBaHHE "JIOIHUECKas KpuBea", OMHcHBa-
eTNPOCTEAMA /K BaXHEMWI!/ THIT NEPeXOHOro npouecca. CaMo ypaBHeHMe, BO3~
HHKIES B TIOMYJHLMOHHON 33amaue, MPMMEHAIOCh 3aTeM BO MHOHX NpoG/eMax maTe-
MATHIECKOI'O €CTECTBO3HAHMA.

CxomHa cympfa CHCTeEMH BOrbTeppa, BOSHHKIER Taloke M3 IOMYISIMOHHON 3a0a—
W /"XAHUK-XepTBA"/, HAmempelt 3aTeM TOYEYIO /a He NPHO/DDKSHHYID KaK B HCXON-
HOM npotrieMe/ HHTEDNPeTAalo B XUMHMNECKO! KuHeTHKe /"Xonoirse rvmmeHa"/.

CricTema JIOpeHIIA OGSi3aHA CBOMM NPOHCXOKIEHUEM I'HOPONMHAMHYECKO mpotneMe
TYPGYJISHTHOCTH .

BechMa JROGOTHITHA HCTOPUS CHCTeM /12/ Tuna Jlotka. CHauaia OHA BOSHHKIR
TPH aHATM3e KHHeTHKH HEKOTOPOH MPOCTOA XMMHUECKON CHCTEMH U YHCIO YpaBHEHHH
Gero mea. Moake BENCHWIOCH, YTO TakHe CHCTEMH, HO TPeThero NMOpAnKa BOSHMKAIOT
B IOIYJALMOHHEX 330auax THA "OBa XVMHHKa=#epTBa" WM "mBe MepTEe-XAfHMK”,
HO OTCYTCTBHE TOTHA BRMHCIATENBLHON TEXHHKH H ITPAKTHYECKas HEeBO3MOKHOCTB
AHATMTHYECKOI'O TNOOXONR HAIUVINC 3aTOPMOSWIH HCCTIENOBaHHEe 3TOH CHCTemd. 3a-
TEM BEFICHWIOCH, YTO CHCTEMH TAKOIO BHIR BOSHHKAKT IMPH aHa/M3e YCTOMYMBOCTH
IBwkeHHs /" TPy Naps Y¥CTO MHMMEX KOpHe#t"/ make B YMCTO MEXaHHYECIMX CHCTe-
MaxX M PasBUTHE! aImIapaT TEOpHMH YCTONYHMBOCTH MNO3BOIUI BHACHH T HEKOTOpHE O6—
e CBOHCTBA TakHMX CHCTeM. Ere mnosxe TaxkMe CHCTEMH BHOBbH BO3HUKIIM B CBASH C
wiesMu reHa [4] o xmMreckolt SBOIONM /"IMEPWAUE"/ K VX CHOBA M3YdanM
3QHOBO, KaK CaAMOCTOSTENILHEIT OGBEKT. Y, HaKOHEIl, COBCEM HENABHO C 3KOHOMHA—
YEeCKHX TO3MIMY /BMENATEBECTBO YeyIOBEKa B CHCTeMy "XHMuHMK-xeprBa”/ B HUHI AH
OCCP 10.M.ANIOHHHEM M COaBTOpPaMH GEIIO MNOVIYYEHO YHCIEHHO CJIONHOE TMOBemeHHe Ta—
KOR CHCTEMH, & MMEHHO NETIONKAa YIPOSHM MPeneyib-HOIO LMKNA, NMpHBOIAIAA K BO3-
HHKHOBEHMI0 NMEPEMEUMBAHUA B CHCTeMe. Cefilyac 5TO OGBMHO HA3HBAESTCA CTPaHHEM
aTTPaKTOPOM.

OCHOBHOR pesyJIbTaT NPEIVINKeHHON PABOTH COCTOMT B HCTOVIKOBAHHM JROGOM H3
MEPEYNCIIEHHEX CHCTEM, KaK 3TaJIOHHOIO YPaBHEHHA HEKOTOPOM MHOTOKCOMIIOHEHTHOM
CHCTEMH. SICHO, YTO TaKOH MOMXOHN CYWECTBEHHO paciMpsieT Novle MpyMEHHMOCTH BCeX
TaKHX CHCTeM. He MeHee CYmMECTBEHHO Ipyroe OGCTOSTEsLCTBO. [lepeurcrieHHEe CHC—
TeMH TIePecTanT GHTH, NMPH TaKOM NOOXQNe, CIyJariHsM HaGOpOM HCTOPMMECKHX
Kypbe30B. OHH CTAHOBSATCH YACTHEMK CJlydasM¥ €IMHOIO OGero Ignxoia = 3TO
STAIOHHHE YPaBHEHHA MAKPOIMHAMHKM MHOTOKCMIOHEHTHEX CHJMHEHHEIX CHCTEM.




CTaipoHapHhe pextiMal 3TANIOHHOIO YPaBHEHUA

QUHOMEPHOE 3TANOHHOS ypaBHEHHE,
dX 2 /13 /
—_—— = +
at aX + 68X
BCerma eCTh ypaBHeHHe depxiwbcTa-llepria M 3aMeHON NEpeMeHHEX,

. _S . - 47 /14 /
X = t’;ff\f’{’aL

CBOIMTCH K CTaHDApPTHOH dopme,

2
dF —g-¥%, /15 /
dt
MMEIQIEHt TDM CTAalWOHADHEX TOMKH - GECKOHEWHO ymaneHHyw, & =0 u E:i.
OGEMHOe HCTONMKOBAHUE 3TONC YPABHEHHA — NEpexXOOHEE [IPOHEecC U3 OKPeCTHOCTH He-
YCTOMUMBONO CTALMOH2PA B OKPECTHOCTH YCTONYMBOI'O % = 1.
¥

1

Puc. 2. JIOTHCTHYECKas KDWBAA - MEPeXQIHEY MPOLLeCC B YCTONUMBEIY
crammoHap & =1.

JIoruyecky BO3JKNEH U MPOLIECC yXOIA F ~~ — o©0O , HO OH BOCTIPDH~
HMM2EeTCsl KaK B3PEB K paspylleHWe CHCTEME! U [MO3TOMYy OIOHOMEPHRE CHCTEMHE YKpEeTl—
JFIOT MPEACTaBJIeHHe O eIMHCTBEHHOCTH "MAKPOIMHAMUYECKOrO" paBHOBECHS, Nepe~
KHMKalmeecs ¢ uneen TEPMOIMHAMIECKOTO PaBHOBECHSA .

QUHAKO MOJIOKEHHE [Nl CYMECTBEHHO MEHSETCH NPH NEPEXONe K IBYMEPHOMY CITy—
4aw, KOIma STAJIOHHOE YIIPABJICHHE OKa3bIBaAeTCHA 3aBUCAUIM OT OECATH NapaMeTpoB

d)( 2 2
HT‘- QHX. tappX, + 64y Xy + 5112 Xixz +b122X,
dX,
dt

i

/16 /

1"

2 2
a¢1X1 +d,, Xz *5244X< *5212X4Xz + Bzzzxz-
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MHorootpasyue THIIOB KMHEeTHKM V11 TaKOil CHCTEMHE! CYWECTBEHHO GOVIHUe, HO eme
OOMYyCKaeT OOCTATOMHO NUHOe nepeuMcrieHue. [TonpoSHEl! aHayM3 He BXOIMT B 3a~
A4y HACTOAER CTaThH, HO EMEHTH HCCJIENOBaHWsa, OTHOCAIMECA K KaueCTBEeHHOH
TEOPHH TIONe3HO NPHBECTH.

CHauasia OOHO BaxHOe 3aMedaHye. Haymuue TOYHOIO STAfIOHHONO YpaBHEHHs,
QIMUCHBAKINETO NOBENEHHE NOIHOM CUCTEMH!, NO3BOIET COOPMYJMPOBATH THMIIOTE3Y:
CyImecTByeT COOTBETCTBHE MEXOy (a30BEMU NepexomaMd U GHOYDKALMOHHEMM SBJICHH~
MU B YITPABJIEHHH MAKPOOMHAMIKH .

O6bMHOEe TIpericTaBieHe O (Aa30BLIX MEpexoiaX OTHOCHTCS K H3MEHEeHH YCTOH—
YHBOI'O CTALMOHAPHOI'O COCTOSIHMS /NOVIOKSHUA " TepMOIMHAMHUECKONO paBHoBecus"/
B 3aBHCHMOCTH OT H3MEHEHWS BHENHUX [IapaMeTpoB CHCTEMH /yaime BCETO B 3aBHCH-
MOCTH OT obbema/.

OmHAKO TOYHOe ONMCaHWe NOBENeHMsi CUCTEMH B LEJIOM /ypaBHEHHEM MAaKpOIHMHa-—
Mgt/ NMOSBATMET PACUMPHTE NOHATHE (A30BOIO NEPEeXOla Ha NEPeXOiH H3 QOHONO
CTALMOHAPHOIO peXeMa /HaNpUMED, YCTONIMBOIO DaBHOBECHS/ B IPYyrOf CTalOHap—
HEM peXeM /HanpHMep, NPENeNbHES Lyksl/. Boree TOrO MpuMep CHCTeMH JiopeHia
/WH NDYBEGEHHEE BHIE IDHMEDP CTOXAaCTHYECKOTO DeXMa B CHCTeM JIOTKa/ MoKasbh-
BaeT, YTO B YHWIO CTALMOHAPHEX PEXHMOB HEOGXKOIMMO BKJEMATH W KBA3HCTOXACTH-
JeCcKHe PexiMH /Iyulle, BEPOSITHO, T'OBOPHTB O DEXdiMAX IepeveumBanusi/. CooTBET—
CTBEHHO OBOGRETCSI, KOHEeYHO, M TOHATHE (a30BOrO Nepexona. [IOHATHO, UTO BCe
CKa3aHHOe OTHOCHTCA K CBOMCTBaM OWIMHEMHHK CHCTEM M NEPEHOC STHX Coobpake-
HIf HA TaMWIbTOHOBH CHCTEMH TPeSyeT NONWIHWTEIBHEX YCIWIN.

AcHnToTHKa /" OKPeCTHOCTD BECKOHEUHOCTH"/ STaSIOHHOIO YPaBHEHHs

STaNloHHOe ypaBHEHHE BOSHHMKAeT IV NEDEMEHHOTO K, KOTOpoe eCTh CymMa
BCEX KOMIOHEHT H /Boofiie I'OBOpsA/ pPacTeT BMECTE C N

N
X-5 o, Ny /11
K={

TIo3TUMY  I1OCTIe TNIOOCTAHOBKK 3TOIO COOTHAUCHMA B /8/ ¥ M3MeHeHHa mMaauraba
BpEMEHH,
1
t = N S / 18/

Mol TIOJTYYMM ypPaBHEHHE

%:{l—a(ghﬁ(tj,u)f /19 /



Kxotopoe mpu N —> 00 rpespamaeTcs B QmHOpQOHOE

%%:5(3,9). /20 /

lipyMeHss 5TH BHKIAOKW K YaCTHOMY Cilydao /16/ MH maiydaeM OBYMEPHYIO
cACTEMyY

d
-d—gL = 6111 912 + 6142 Y1Y2 +61225;

/721 /

d 2
d;?/l: baii Yy tbaizyiy,+8,,,y2 -

PazferMB OOHO ypaBHEHME Ha Opyroe Mel NOMyYHM QUHOPOOHOE ypaBHeHHe, KO-
TOpoe B 6uriee IMPHBEMHBIX OCO3HAYCHHSIX WMEeeT BHO:

2 2
dy _ ax +éxy +cy _ /22 /
dx d\x2+j’>xg +7‘92

370 ypaBHEHHE HHTEIDHPYETCA PasHsMK CTIOCOGaMH /HalpuMep, B NQIFIPHOM CHCTe-
Me KOOpIHHAT/ .

KavecTBeHHasT KapTHHA ONMPEOENIIeTCA YMC/IOM M XapaKTepOM MHBAPHAHTHHIX JTy-
yeit,

y=Kx, / 23/
KOTOPHE HAXQUATCSH K3 KYyGUUHOIO YpaBHEHWsl, BHITEKakuwero us /22/
2
a + bk +ck
K = . / 24/

A +pKHPRE

He BOaBaAck B OeTayM, NPUBENEM (Ga3OBHE NOPTDETH CHCTeMH /21/ /sBrsnamgdecs CTpy-—
KTYPHEMI TIOPTPETAMM HCXOIHOM CHCTeMEY



10.

St & %

Puc. 3. PasHEE KapTHHH, COOTBETCTBYIUME TPEM NSHCTBHTENBLHEM
KOPHAM KYyGHYHOI'O YypaBHEHMs

Cyyait KOMIVIEKCHEX KOPHEN NOMydaeTCs CIIAHMEM IBYX Jiydel. U3 ueTnpex
BOZMOMHOCTEH OCTaloTCA BCErO IBe

Puc. 4. dasoBEe NMOPTPETH MPH OHHOM NEHCTBUTEJIEHOM M Iape
KOMIUIEKCHEIX KOpHel

Baree NMOHEE aHA/M3 OODKEH YUHMTHBATE JIMHEMHHE WIeHA., DTH WEHH HCYe3aloT
TOIIHLKO B Ipenesie INpH X*w.amnpemen@emnmo&nm
crygaeM. OIHAKO MONHO /Y HyNHO/ pacCMOTDPETh MHOH TNpeleyIbHEE NMEPEeXOm.

X*Xo npu N — o=. /25 /
3TOT CJydal COOTBETCTBYET TaKOMy IQOOGOpY HavaslbHBIX JAHHEX X¢ , KOrma HMX

UHMCNIO HEOTPAHHYEHHO yBEeyMUMBAETCH, a CyMMA OCTAeTCH OrpaHHueHHo#. I'py6o ro-



11.

BOPA 3T0 OOHO YOJIOBHE, HA GOMHuUee YHCIIO KOMIOHEHT. Bayee TCMHO 3TO COOTBET-
CTBYeT PABEHCTBY HY/H0 CpemHero

X,+,,.+X -0 /26/
N s

NpUdeM CTPEeMIeHHE K HYJI0 TIPOUCXOMMT C OfpelienieHHow /  ~ % / CKOPOCTHO,
korma N —>oo.

BO3HMKAONRE TP TaKOM MPEIOVIONEHE 60Ora1TCTBO KHHETHYECKMX BO3MIKHOCTER
SHAYMTEHHO OOJHUe Pa3’00PaHHOIO, a NOMHEN aHaM3 HEBOIMOKHEN 6€3 BEMHCIA-
TEJIbHON TEeXHHKH, BHXOIMT 33 PAMKH HACTOAMEH 3aMeTKH.

MokHO, HAKOHEL,, COEJIATH €de QUHO MPEITIOJIKEHHe,

X—=0 npu N = oo. / 21/

B 5ToM CJyyae OCTalTCs TONTBKO JMHERHHE WIeH ¥ CTPYKTYPHEE! TIOPTPET CHUCTEME
CBOIMTCA K TPEM W3BECTHEM BOSMOKHOCTSM — y3eJl, GOKYC WII CeIyio

4 O

PuCc. 5. BOaMOXHOCTH, BO3HHUKAIME P CaMM  Y3KOM
mpemnonokeH = X >0

Saksxuenue

CuCTeMA HMEST TP MACIITAtA HAYAIHHEX LITasa.

OIMH COOTBETCTBYET MAJIOH OKPECTHOCTH X <« Xo CTALMOHAPHOH
TOUKH M NOBENEHHE CHCTEMH OIMCHBASTCH JIMHEMHEMH WISHAMHM STAJIOHHOIO YDABHEHMS

dX - a(X).

ot
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Bropoit Macwrab -~ "KOHeuHme" X -~ MOKST BO3HHMKHYTHL aBTOMATHYECKHM H3
IMDEIEIYMErO /eC/M CTAlMOHApHAs Touka X =0 HeyCTORuMBa/, JHGO MOKET
6T SamaH HALATbHEMA JAHHEMM. DBOJILMA TAKHX COCTOSHHM OTHMCHBASTCA MOJIHEM

STANOHHEM VpaBHeHueM
dX _ X)
ETF‘— Cl(X)*'S(X, -

ECiM ¥ 30eCh CHCTeMe "He 3a UTO 3alelUThCA" /OTCYTCTBYIOT YCTONUMBEE
CTalMOHAPHEE DPEXHME)/ TO CUCTEMA ABTOMATHYECKHM BHIXOIMMT Ha CISIYIUEE! MaauTat
/BarEe X /. OBOIAMA OMMCHBAETCS CTALUMMYA WICHAMH STANOHHOTO YDABHEHHS

a X
St = 8(XX)

H COOTBETCTBYIIME KAPTHHE /IVIi IBYMEPHOTO CIydasi/ NPUBEOEHH HAa pUC. 3 H
puc. 4.

Bce ckasaHHOe OTHOCUTCA K OJydaln (UKCHPOBAHHEIX SHAYCHMH 11apaMeTpOB 3BO—
JEQLWAOHHOI'O YpPaBHEHMA .

AHanOr TeoprH (PAa30BHX NEPEeXOnrB, COCTOAMMME B aHAIM3€ HU3MEeHEHU!! CTDYK—
TYPHOTO MOPTPETa B 3aBHCHMOCTH OT M3MEHEHWs MapaMeTpOB CHCTEMSl HAXQUMTCH
Janexo 3a Mpen=JiaMd HaCTOAmel CTaTbH.
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